Weed competition in the potato crop could cause up to a 95% yield reduction depending on the variety, the weed species and the competition period. In this work the effect of Clomazone (Command 36 CS®), when applied alone or in combination with Metribuzin (Sencorex® 48) upon grass and broad-leaved weeds was assessed. . Treatment effectiveness (TE), crop competition level (CCL) and weed suppression index (WSI) were assessed at 38, 53 and 72 days after planting (DAP), while yield and quality were also evaluated, following industry protocols. In those treatments were Clomazone was used alone, at 2 l•ha ), a higher yield was observed. Besides, a high correlation between TE, WSI and tuber yield was also achieved. Clomazone improved TE, CCL and WSI, which was not only reflected in higher tuber yields, but also on better tuber quality.
staple food after rice and wheat [1] . Therefore, it is a critical crop in terms of food security, taking into account the growth of the world's population. Besides, demand of processed products is also increasing, and according to FAO, more than two thirds of the global annual harvest is destined for human consumption and the rest for industrial purposes [2] . Within Latin America, Argentina is the third producing country, with more than 2.5 M tons produced per year, and almost 50% of that volume is grown in the Argentinian Pampas, both for the market and the processing industries [3] [4] .
Despite several yield increases, due to the introduction of new cultivars, improved in the seed production system and quality, and a high adoption of technology [3] [5] [6] , weed management is still critical, due to the poor competition ability of the crop [7] , and also due to the limited number of herbicides available to apply on potatoes, in Argentina [8] . Weeds compete for space, water, radiation, and nutrients [7] . In addition, some weeds have an allelopathic effect onto the crop [9] and others can host potato virus [10] . Weed effects depend on population density, competitive ability of each potato variety and the co-existent period with the crop [7] [9] [11] [12] . Main weed effects are due to reductions in yield and quality. Yield reductions caused by the presence of weeds may vary between 19% -81% [13] . These authors found that densities as low as 1 weed plant per linear m −1 is enough to significantly reduce crop yield. Beltrano and Caldiz [9] found similar results, caused by different densities of Johnson grass (Sorghum halepense). The latter authors found that 17, 34 and 51 plants•m −2 of Johnsongrass decreased tuber yield by 80%, 85% and 95%, respectively. However, in potatoes, due to the poor competition ability of the crop, when weeds emerged at the same time of the crop up to 54% yield reduction was observed, compared with a 16% yield reduction when weeds emerged three weeks after the crop [14] Results obtained during the evaluation of pre-emergent herbicides in cv. Kennebec shown that the presence of annual weeds such as Common Lambsquarter (Chenopodium album) and Purslane (Portulaca olearaceae) can cause yield reductions between 11% -29% when the weedy control was compared with the best treatment [3] . Besides, Hutchinson [12] , also determined for the variety North Norkotah -which has a low competitive ability-, a critical period from 10 -24 days after emergence where the crop should remain free of weeds to only suffer a yield reduction not greater than 5%. Initial weed competition can decrease yield, while competition at the end of crop cycle, such as the one exert by Pigweed (Amaranthus quitensis), Common Lambsquarter, Bermuda Grass (Cynodon dactylon) and Field Binweed (Convolvulus arvensis) could not only reduce yield but could also interfere with harvest operations [3] [7] .
As already mentioned, in Argentina, availability of selective herbicides to apply in potatoes are limited, being the post-emergence period the more critical in this regard, mainly when broadleaf weeds are considered [8] . [20] . Then, within this framework, any new development is desirable, as will increase the options to properly managed weeds affecting the crop, especially if the new herbicides have a broader weed control spectrum. Recently, Cloma-
an herbicide already used in potato crops in other countries has been registered to be used in potato cultivation, in Argentina. Then, the objective of this work was to assess its performance, regarding weed control, crop yield and quality. Since the time this experiment was performed until 2016, the only new herbicide registered in Argentina for potatoes was Rimsulfuron (Titus® by Dupont ® , CASAFE [15] ).
Materials and Methods
The field work was carried out at Balcarce, province of Buenos Aires (37˚49'9.65"SL -58˚13'11"WL), during the spring-summer season 2008/09, in a commercial crop of the variety Innovator. Fertilization was based on soil analysis, which shown medium levels of organic matter (OM%), sulphur (S), and phosphorus (P) and low levels of nitrogen (N), as shown in Table 1 .
Soil and Crop Management
Soil preparation was carried out as normally done in the area: A disk harrow (2 times) 
Herbicide Treatments
Herbicide treatments were applied by using a completely randomized design with three replications, in plots of 6 rows × 15 m long (76.5 m 2
). Treatments and rates applied are described in Table 2 .
Weed Population and Weed Control Assessment
To assess weed population density (plants m To determine which herbicide or herbicide combination produce better results, the effectiveness of each treatment was assessed (Treatment Effectiveness, TE). TE was determined by visual observations of each replication and treatment, using a scale ranging from (1) without herbicide symptoms in the weeds-as in the control treatment-, to (10) for total death of the weed plants, as described by Eyherabide [22] . Visual observa- 
Results and Discussion

Weed Population and Weed Control Assessment
In general, Clomazone showed an excellent performance, even under low soil moisture conditions, and did not loss activity, as it is the case with other compounds. Besides, absorption of Clomazone is through the apical bud of the weed, which means that it does not require direct contact with the roots to ensure an effective control [23] . At 45 DAP the following weeds were observed in the trial plots: Spiny Cocklebur, Common
Lambsquarter, Purslane, Hairy Crabgrass (Digitaria sanguinalis), and Knotweed. This initial survey showed that weed density can be considered as an intermediate situation when compared with other fields in the Argentinian Pampas (Table 3) .
As a general rule, low levels of TE were associated with low CCL at harvest time.
When Clomazone 1.6 was applied, TE was higher than for the control treatment, but lower than Clomazone 2.0 and Clomazone 1 + Metribuzin 0.75, which achieved the higher TE. Besides, the increase in TE when the Clomazone rate was increased from 1. (Table 4) . (1) C. Lambsquater (2) Purslane (3) Hairy Grass (4) Knotweed (5) Weed density (pl•m 
TE, for Treatment Effectiveness, ranging from (1) without herbicide symptoms in the weeds to (10) total weed death; (2) CCL, for Crop Competition Level, ranging from (1) very low crop competition to (10) very high crop competition; (3) WSI, for Weed Suppression Index = TE * CCL, ranging from (0) poor suppression to (100) excellent suppression.
Tuber Yield and Quality
As expected, the untreated control, where weeds were not controlled along the crop cycle, showed the lowest yield. In this field trial, not controlling the weeds, leads to a yield reduction ranging from 6.6 to 21 t•ha (Table 5 ). This was due to the higher level of TE, CCL and WSI that was observed in these two treatments. These results also confirmed those from Caldiz and Panelo [11] who demonstrated that yield reductions in the potato crop are mainly due to the competition of broadleaf weeds, for example Common Lambsquarter, which was not well controlled by Clomazone when applied alone at the lowest rate (1.6 l•ha −1 ). When Clomazone was applied at a higher rate or combined with Metribuzin (Clomazone 1 + Metribuzin 0.75) TE, CCL and WSI were higher, as well as the total yield (Table 5 ). In general, the lower the WSI the lower the yield and DM% and higher the percentage of tubers in the <50 mm fraction and the total defects, at the end this combination of low yield and poor quality impact negatively on crop value (data not shown). However, no effects were observed over the FCI of the tubers.
Lanfranconi et al. [25] also showed that the presence of weeds such as Common
Lambsquarter and Purslane, in a crop of cv. Kennebec, decreased yield in the range of 11% -29% when the best treatment was compared with the untreated control. In the present work similar results were obtained and yield differences of up to 40% were achieved when the best treatment was compared with the untreated control. The lower yield reductions obtained in cv. Kennebec could be due to its higher competitive ability, as it has a dense canopy, with thicker stems and larger leaves than Innovator [3] . When the Clomazone + Metribuzin were combined at the rates of 1.6 and 0.5 l•ha −1 , respec- (Table 4 and Table 5 ). As already mentioned, it was the suitable combination of herbicides and rates which lead to higher yields, and this is partly explained by the high correlation between TE and tuber yield, and WSI and tuber yield, as shown in Figure 1 and Figure 2 .
Weed competition did not only impact negatively on yield; it also has a negative effect, in general, on DM% and in the level of defects, but correlations between WSI and DM% and WSI with the level of total defects, were low (r 2 : 0,187 and 0.264, respectively; data not shown). A significantly low DM% and a high level of defects were achieved by the untreated control. These results could be explained due to the interference of weed Weed Suppression Index biomass on radiation interception that could have affected yield and dry matter accumulation, while the effect on total defects could be a consequence of the irregular radiation absorption impacting on tuber growth (malformations).
Conclusion
Hence, it can be concluded that under the environmental conditions of the Argentinian pampas, weed competition could not only impact upon yield but also on tuber quality.
Besides, it was also demonstrated that the use of Clomazone, alone or combined with Metribuzin at proper rates, significantly increase yield and DM%, while improve tuber quality in terms of size and level of defects. Definitively, in the potato crop, weeds should be properly managed to guarantee achieving high yield and quality.
